Introduction
Hydroxymethylglutaryl-coenzyme A reductase inhibitors (statins) are recommended in patients with established, or those at risk for, cardiovascular disease (CVD) to decrease the incidence of adverse cardiovascular events and mortality. 1 Statin intolerance due to adverse effects, mostly muscle-related symptoms, is common in clinical practice. It is estimated that between 7% and 29% of patients taking statins experience some type of muscle-associated toxicity in real-world practice. 2 This frequent clinical scenario led to the formation of a Canadian Consensus Working Group (CCWG) to evaluate the diagnosis, prevention and management of statin adverse effects and intolerance. In 2016, this group released the third iteration of a statement to inform and guide clinicians on how to approach patients with suspected statin-associated adverse effects.
3
Terminology
The CCWG proposed terminology to provide consistency when describing muscle-related adverse effects 3 (Table 1) . Myopathy is a general term that applies to any disease of the muscle, which is further subcategorized depending on whether the patient is symptomatic. Myalgia refers to patients with symptoms of muscle aches or weakness in the absence of an elevated creatine kinase (CK), whereas myositis is the presence of symptoms with a CK elevation. Rhabdomyolysis is muscle aches or weakness with a CK more
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Original research than 10 times the upper limit of normal and is typically associated with myoglobinuria. The term hyperCKemia refers to patients with an elevated CK without muscle-related symptoms and is graded based on the degree of elevation.
In the most recent version of the CCWG statement, the term goal-inhibiting statin intolerance (GISI) was introduced as a pragmatic way of defining statin intolerance. GISI was defined as a syndrome characterized by symptoms or biomarker abnormalities that prevent the long-term use of and adherence to indicated statin therapy, which includes a trial of at least 2 statins (including atorvastatin and rosuvastatin, as appropriate) and precludes reversible causes of statin adverse effects (e.g., drug interactions, untreated hypothyroidism). The working group also suggested the term goal-inhibiting statin resistance (GISR), which refers to patients who are unable to achieve the expected lipidlowering effect with maximally tolerated statin dose. In other words, GISR refers to an inadequate response or lack of efficacy, as opposed to adverse effects. The use of lipid targets as a therapeutic goal is controversial. However, guidelines from both the Canadian Cardiovascular Society (CCS) 1 
Management of GISI
In the most recent statement, the CCWG advocate 6 key principles in the management of patients with GISI 3 ( Figure 1 ). The following is a fictional case vignette of a typical clinical scenario to help illustrate these concepts.
Case vignette
A 62-year-old man presents to your pharmacy to refill his medications but admits he is reluctant to refill his statin because he is having frequent leg pains and read on the Internet that this is a common side effect of statins. Step 1: Ensure the paƟent has a valid indicaƟon for staƟn therapy StaƟn-indicated condiƟons Discuss benefit versus risk in primary prevenƟon
Step 2: IdenƟfy factors that may limit or preclude use of staƟns Address risk factors for staƟn-associated myopathy Check for drug interacƟons
Step 3: Ensure the paƟent is fully informed regarding the benefits and risks of staƟn therapy Discuss reducƟon in mortality and cardiovascular events in primary and secondary prevenƟon Discuss adverse effects, but not in isolaƟon Address paƟent-specific concerns Be aware of nocebo effect
Step 4: Encourage dietary intervenƟons and exercise to lower the paƟent's cardiovascular risk, and do not advocate supplements to reduce risk of staƟn-associated myalgia Heart healthy or Mediterranean diet 150 minutes of aerobic exercise per week Do not recommend coenzyme Q10 or vitamin D
Step 5: UƟlize a systemaƟc challenge/dechallenge/rechallenge approach to paƟents with goal-inhibiƟng staƟn intolerance Evaluate clinical and laboratory history Use modified version of the staƟn-associated muscle symptoms (SAMS) score DifferenƟate myalgia, myosiƟs and rhabdomyolysis and follow a systemaƟc algorithm
Step 6: If necessary, recommend a non-staƟn to achieve the therapeuƟc goal Consider addiƟon of ezeƟmibe or a PCSK9 inhibitor
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Step 2: Identify factors that may limit or preclude use of statins There are several factors that predispose patients to muscle-related adverse effects. These include advanced age (>80 years), female sex, Asian ethnicity, low body mass index, history of preexisting/unexplained muscle/joint pain, family history of myopathy, neuromuscular diseases (e.g., amyotrophic lateral sclerosis), severe renal/ hepatic disease, untreated hypothyroidism and diabetes mellitus. 3 In addition, there are several genetic polymorphisms that are associated with statin myopathy; however, these are not routinely investigated in clinical practice. There are several statin drug interactions that increase the risk of adverse effects. 3, 6 Atorvastatin, lovastatin and simvastatin are metabolized by the cytochrome P450 3A4 enzyme system and thus interact with strong inhibitors of this system (e.g., azole antifungals, large quantities of grapefruit juice, macrolide antibiotics, nondihydropyridine calcium channel blockers and protease inhibitors). As well, amiodarone may interact with any statin except pravastatin, and concomitant use of fibrates and niacin with a statin may also increase the risk of myopathy. High-dose statin therapy is more likely to be associated with statin muscle symptoms, although these symptoms can occur with any dose. Finally, red yeast rice supplements may increase statin toxicity, as they contain a compound called monacolin K, which is identical to lovastatin.
Case. Your patient has a history of preexisting muscle pain (i.e., chronic back pain) and diabetes mellitus, which are nonmodifiable risk factors for statin-associated myopathy. However, he is not taking any interacting medications (including supplements) and does not drink grapefruit juice.
Step
3: Ensure the patient is fully informed regarding the benefits and risks of statin therapy
There is an unmet opportunity for pharmacists to aid patients in making an informed decision about both the benefits and risks of statin therapy, as it was stated by the CCWG that this is "often poorly executed by busy physicians or inaccurately interpreted by the patient. " 3 Pharmacists should be wary that focusing only on possible adverse effects without a discussion of the benefits is potentially detrimental. Original research elevated alanine aminotransferase and/or aspartate aminotransferase (NNH of 100). Of note, the total rates of adverse events (i.e., not just those categorized as related to treatment) were not reported. In patients with a recent acute coronary syndrome, high-intensity statin therapy reduced death and adverse cardiovascular events by 3.9% (NNT of 26) when compared with moderate-dose therapy over approximately 2 years. 9 There were no significant between-group differences for any of the prespecified safety endpoints including liver enzyme elevation, myopathy or cancer. Although neither trial reduced the risk of all-cause mortality, this may have been due to the use of an active treatment in both groups.
There is a risk of a so-called "nocebo effect" with statins, where patients with negative expectations about a therapy are more likely to experience an adverse effect. A recent retrospective analysis of a large statin randomized controlled trial demonstrated that patients reported a higher incidence of muscle-related adverse events with atorvastatin compared with placebo during the unblinded extension phase. 10 In other words, patients reported more muscle-related adverse effects when they knew they were taking a statin.
Case. You discuss with your patient the potential cardiovascular benefits of statin therapy compared with the potential risks. With respect to efficacy, you discuss with him the results of the Collaborative Atorvastatin Diabetes Study (CARDS), which compared atorvastatin 10 mg daily to placebo in patients aged 40 to 75 years with type 2 diabetes mellitus and another cardiovascular risk factor, such as hypertension. 11 The results showed atorvastatin reduced the risk of adverse cardiovascular events (NNT of 32) and all-cause mortality (NNT of 67) compared with placebo, while about 5% of patients in each group reported muscle-related symptoms. He acknowledges these results seem important enough to continue treatment but not at the expense of having ongoing leg pain.
Step No vitamins or herbal supplements have definitively been shown to reduce the risk or improve the symptoms of statin-associated myopathy. The data for coenzyme Q10 supplementation in treating or preventing statinassociated muscle symptoms is inconsistent. A recent meta-analysis of 5 randomized controlled trials of patients with statin-associated myalgia did not demonstrate a significant improvement in pain scores with coenzyme Q10 vs placebo. 12 As well, there are no data to support that coenzyme Q10 improves clinically meaningful outcomes, such as a reduction in incident myalgia or statin tolerability. 13 Myalgias have been reported in patients on statin therapy with low serum levels of vitamin D. However, these data are heterogeneous, and there are no randomized controlled trials of vitamin D supplementation to prevent or treat statin-associated myalgia. 3 However, if a patient perceives benefit with coenzyme Q10 or vitamin D, it is not unreasonable to continue therapy. As previously mentioned, red yeast rice should not be used concurrently with a statin, as this supplement often has variable concentration and purity and thus may increase the risk of statin toxicity.
Case. You recommend that your patient implement changes to his diet and exercise routine but explain these interventions are not adequate to replace his statin. You discuss with him the lack of evidence demonstrating a consistent benefit with coenzyme Q10 or vitamin D and that you would not recommend taking either supplement.
Step 5: Use a systematic challenge/dechallenge/ rechallenge approach to patients with GISI If statin-associated myopathy is suspected, it is essential to perform a thorough evaluation of the patient's clinical and laboratory history and provide patient education as appropriate. Muscle symptoms are common and can be due to alternate causes such as exercise, soft-tissue disease,
Original research trauma or acute flu-like illness. Muscle complaints with statins are often described as a heaviness, stiffness, cramping or weakness during exertion, which are intermittent rather than continuous. 14 These complaints are typically bilateral and affect multiple large muscle beds. If a patient has symptoms of isolated joint pain, it is unlikely to be secondary to the statin. Not all statins have the same incidence of myopathy-lipophilic statins (e.g., atorvastatin, fluvastatin, lovastatin, simvastatin) penetrate the muscle more readily and may have a greater potential for myopathy. 15 The timing of muscle symptoms relative to when the statin was started or dose increased is an important component of the history. In a retrospective case series, patients were taking statins for an average of 6 months before developing muscle-related symptoms. 16 The CCWG Original research proposed a modified version of the statinassociated muscle symptoms (SAMS) score that can be used to assess patients' symptoms 3 ( Table   2 ). Baseline bloodwork should be performed in all patients prior to initiating statin therapythis should include lipid profile, glycosylated hemoglobin (to diagnose/rule out diabetes mellitus), CK (as some patients have an elevated CK based on their ethnicity, sex or physical activity), serum creatinine, alanine aminotransferase and thyroid-stimulating hormone (as kidney/liver disease or untreated hypothyroidism are risk factors for statin-associated myopathy). 3 Routine monitoring of CK is not recommended; however, it is important to measure a baseline in case the patient develops muscle symptoms.
A variety of strategies can be used in the management of patients with statin-related myopathy. It is essential to balance the potential benefits and risks of continuing therapy on a case-by-case basis by incorporating the patient's values and preferences. The CCWG created a systematic, algorithmic approach to managing statin-associated muscle symptoms or hyperCKemia 3 ( Figure 2 ). Systematically following this algorithm can be time-consuming and potentially frustrating for both patients and clinicians; however, it is important to stay resolute because of the paucity of therapeutic alternatives with evidence to support a reduction in adverse cardiovascular events. Based on published evidence, it is estimated that 70% to 90% of patients Original research with statin intolerance will subsequently be able to tolerate another statin. 3, 17, 18 In a retrospective case series of patients with statin-associated myopathy, 16 of 37 patients (43%) were able to tolerate another statin without recurrent symptoms. 16 Some patients may actually tolerate a rechallenge of the same statin. A recent N-of-1 trial of 8 patients with statin-related myalgia were rechallenged with the same statin that was previously associated with myalgia vs placebo in a double-blind fashion. 19 There was no significant difference in pain scores between the statin and placebo, and 5 patients (63%) were able to resume statin therapy after the trial. The appropriate time frame for follow-up is variable, depending on the patient and situation. Generally, it is recommended that patients be reassessed in 6 to 12 weeks if their CK is within normal limits or have mild (grade 1) hyperCKemia, although more frequent follow-up is likely warranted if the patient develops or has persistent symptoms. 3 In cases of statin-associated myositis or moderate/severe hyperCKemia, the CCWG does not recommend a specific time frame for follow-up of CK and symptoms, but every 3 to 6 weeks is likely a reasonable time frame. 3 In a retrospective case series of patients with statin-associated myopathy, resolution of muscle pain occurred an average of 2 months after discontinuing therapy. 16 The CCWG outlined factors for which statin rechallenge may not be useful. 3 Such cases include when the symptoms are plausible and resolve completely with cessation, are severe with objective weakness and/or hyperCKemia or if the patient refuses a rechallenge even at a low or intermittent dose. If the symptoms persist after discontinuing the statin for a reasonable period of time, this may be indicative of an underlying non-statin-related muscle condition, which should warrant further investigation but may not preclude future statin use.
Myalgia. Not all patients with myalgia will require cessation or reduction of their statin therapy. If the symptoms are tolerable, one could consider continuing therapy (if the patient is willing) and have them monitor their symptoms. If the symptoms are intolerable, the statin dose could be reduced (including intermittent or nondaily dosing), switched to a different statin or temporarily discontinued. Intermittent nondaily dosing strategies include every other day or weekly dosing, which some patients may prefer, although adherence could be more challenging. A review of nondaily statin dosing strategies showed that at least 70% of patients with statinassociated myopathy were able to tolerate an intermittent dosing strategy. 20 Addressing any reversible risk factors for myopathy is also paramount. If a patient has myalgia with a lipophilic statin (e.g., atorvastatin, simvastatin), it may be reasonable to switch to a less lipophilic statin (e.g., pravastatin, rosuvastatin).
Myositis. The management of myositis follows the same principles as for myalgia regarding dechallenge/rechallenge and switching statins. In most cases, it is appropriate to hold the statin until the hyperCKemia resolves and the patient is asymptomatic.
Rhabdomyolysis. In patients presenting with suspected rhabdomyolysis, statin therapy should be discontinued with prompt assessment of the patient's renal function (i.e., serum creatinine, urine myoglobin). Rhabdomyolysis is typically managed with intravenous rehydration and, in severe cases, dialysis. Previous rhabdomyolysis is not necessarily a contraindication to statin therapy, and patients should be assessed on a case-by-case basis based on their individualized benefit vs risk. 3 There appears to be a dosedependent relationship with statin-associated rhabdomyolysis. 21 Therefore, if a statin is rechallenged, it should be started at a low dose.
Case. Your patient describes bilateral muscle cramping in his thighs. These symptoms started about 2 weeks ago. He has been taking atorvastatin for about 8 weeks, and there has been no recent change to his physical activity. His is referred for prompt bloodwork, which shows his CK is below the upper limit of normal. His muscle cramping is currently tolerable but quite bothersome. After discussing his options, he is willing to try a lower dose of atorvastatin at 10 mg daily. After 2 weeks, his muscle cramps are not improved. Therefore, you recommend he discontinue atorvastatin, and after a week his muscle cramps resolve. You then recommend he start rosuvastatin 10 mg daily, and after 6 weeks, he has had no recurrence of his muscle pain. Thus, his modified SAMS score is 7, which indicates that statin-associated myalgia was possible.
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Step Case. Six weeks after initiating rosuvastatin, your patient has a nonfasting lipid profile that demonstrates a non-high-density lipoprotein cholesterol (non-HDL-C) level of 2.8 mmol/L, which is above the target recommended by the CCS (<2.6 mmol/L). He does not meet the inclusion criteria for the studies that investigated ezetimibe or PCSK9 inhibitors with a statin and is reluctant to start an additional therapy. However, he is willing to try a higher dose of rosuvastatin. Therefore, you recommend an increase in his rosuvastatin dose to 20 mg daily. Six weeks later, he reports no recurrent myalgias, and his non-HDL-C is now below target.
Conclusion
Statin-associated muscle symptoms are common, occurring in up to roughly 30% of patients in clinical practice. Recently, a Canadian working group outlined 6 key principles to manage patients with statin intolerance. This systematic approach ensures patients are appropriately receiving a statin and are aware of both the benefits and risks of therapy and addresses factors that may increase their risk of statin-associated myopathy. A thorough assessment of patients' clinical and laboratory history should be performed in any patient presenting with muscle symptoms on statin therapy, followed by a systematic dechallenge/rechallenge approach. In practice, most patients with statin intolerance due to muscle symptoms will be able to tolerate another statin. This is of particular importance because of the absence of compelling evidence demonstrating a cardiovascular benefit with nonstatin therapies. Pharmacists are ideally situated to provide patient education, recommend changes to therapy and monitor patients with goal-inhibiting statin intolerance. 
